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Abstract 



Background fa vivo expansion of ean « j „ 

* 0£ Seae-modiflod cells would be a promising 

approach in the field of hematoDoietie « 

ematopoietic stem cell gene therapy. To this end, to 

previously developed selective amplifier gene rSAro » „w • 

v gene (SAG), a chimeric gene encoding the 

• granulocyte colony-stimulating factor CG-CSF. ^ ,,™s 

1 CSFJ receptor (OCR) as a growm-signal 
generator and die Hormone-bincW domain of «♦ -j 

S ^ ° fthfi "l*** receptor M a molecular switch 

we ,»« ^ „ te ^ ^ ^ ^ 

can t. «pa«ded in . MH,^ ^ fa ^ ^ ta ^ ta ^ ^ 
nonh^an prunares. ta ^ ^ w toe a new 8meraaon saq ^ ^ 

the eryfcropoi-in ckpo) recepto ^ ; 8 instead offce steroid receptor as a 

E«>r^ c o^ fll=aCR ^^ Ma ^ 6TOre ^ a ^ F ^ te 

£,A ° 3 - Ea ™ Mils tomb transduced toMi 
these SAGs. Next, to examine whether GCR or c*Mpl is the more suitable signal 
™r of the BPO^ SAO , kum „ ^ Wood ^ ^ _ ^ 

the two BPO-drive„ saq, (gpopj^, — 

=ruoi-«J. Finally, we examined the ia vivo 

•tt<*zy of EPORMpI ia mice, hred&^l 

mice, taadteted mice were transplanted with 

BroRMpi-ua^uced bone marrcw cells foliowed by adtninlstmion of EPO 

Results ^ ^ ^ ^ ^ ^ 

of^eetladraothe rta^drr™ SAO a. ^ EPORMpI induced mere 
aradeu. BPO*^ pnlitmam ^^^^ ^ ^ ^ 

EPOROCR interrusoftotaiCD^ceii. c-Kir* cell, end oionog^c probata eel 
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(CFU-C) numbers, in the transplanted mice the transduced peripheral blood cells 
significantly increased in response to EPO. 

Conclusion The new generation SAGs, especially EPORMpl, are able to efficiently 
confer an EPO-dependent growth advantage on transduced hematopoietic cells in vitro 
and in vivo in mice. 

Key Words: hematopoietic stem cells, gene therapy, CD34* cells, selective amplifier 
gene, m vivo expansion, retroviral vector 
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Introduction 



is the low efficiency of gene t^ to, ^ ^ ^ ^ ^ ^ 

ability to positively select cells containing potentially therapeutic genes In vivo would 
rapraram an tape** tooI fc fc ^ ^ ^ ^ 

~W of in vivo selection of tmaim ^ fc^,^ cells ; . to ^ 

dihydrruWa* raductsse (DHKR) gene ffl. or Stk ^ ansbase m ^ 

Alti^^^^^^^^^^.^^^^^^^^ 

human suojeets or norihumanprinisdss sod administration of agsnte such as tnscj 
dra-MMM ss^^rnetito^^DHpR^^^^ 



crisis id confer a 

direct proliferation advantage on gene-naodlfied cells relative to their untnmsduced 
"ama^n. We deeped a chimeric gene desigocted mplifier 
(SAG) which encodes a chimeric leeeptor between the granulocyte oolcny-stisnuleting 
mclor (G-CSF) receptor (OCR) and the hormone-binding domain of the estrogen or 
tamoxifen receptor. He gcr moiety Is a growth signal generator and the estrogen 
receptor (ER) moiety is a molecular switch to regelate (turn on or off) the growth signal 
generated from Die GCR, Wo previously showed that hematopoietic oeUs transduced 
w«h the' SAO cm, be seiectiveiy expanded in an estrogen- or tamo^-dc^ent 
— h, *. OMfl and in *. to ntloe and nonhutnan primates IWJ 5]. In 
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eonnnman pnnmtes. uewev^ , om animals ^ ^ SAG ^ ^ ^ ^ 

increase Id transduced cells in response to estrogen or tamoitiien, suggesting that the 
SAG ™ no, p 0lM enough to achieve ^ ^ „, ^ 

The utilization of the steroid receptor as a molecular switch may have 
ettanuated the potency of the SAO. Tie estrogen-mediated dimetlzntion of ihe chimeric 
-^i.^h.^^^d-nanna.Ugand (G-CSR-m^ ^ 
In H the fusion ^ hrfweea fc « ^ ^ ^ ^ 

more efficiently than to estrogen flOl To *• 

e UUJ * To rect1 ^ this problem, wc mfliaed the 

erythropoietin receptor (EPOR) instead of the «w«m »™ 

v «aieBa or me steroid recepror as a molecular switch. 

Since the EPOR is 8 member Q f «,» mAM 

member of the cytokme receptor superfemfly £16], the fusion 

^h^thsBPOR^o^^^^^^^^^ 

^^^onI_^^^^ to ^ te ^^ ag ^ 
switch for t^e cells fl7 , Of note, recombinant hmnan erythropoietin CEPO) bas 
abeady been used widely in cliaical ^cation and can be adnum^ered repeatedly to 

Simian m**1+3^.~±^. _^_f^«_ 



human ^ wzuiour serious adverse effects £18,19], 
On the other hand, as a growth signal generator, we tried to use the fhromhopoietin 
0*» receptor. c-Mpl. in addition to the GCR. it has been reported thai o Mpl fc 
expressed on very immature hematopoietic cells and that TPO actually stimulates the 
Stow* of mesa oeU. [20-23, In mo, the oytopiaenuo frogman, of cMp, has hem. 

ahndy used for coll expansion 124.131 Th~ „ , . 

1 ' l3} ' ^ intracellular signal fiom c-Mpl may thus 

he more appropriate than thai from «,„ nnr> 

&0m fte «» expansion of hematopoietic 
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stem/progenitor cells. In tf* present study, we examined the efficacy of these new 
generation SAGa in vitro and in vivo in mice. 
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Materials and methods 



Cell lines 



B./F3 ecu. ^ BaSMxd ta DoIbecco , ^ ^ ^ ^ 
— ^ », ^ _ dmem ^ 



"^^^^^^^^ 
^^^^^^^^ 

neomycin phosphotransferase eerie m^i « 

gSne ^ (EcpRl-BamHD In Hie retroviral plasmid 
pMSCV2.2 (kindly provided bvDrB r rx T , 

tyDtRiG ' HawIe * University of Toronto. Canada) [27] 
, was replaced by the EPORwt cDNA (BcoRl-Bamim t„ — „ 

^o.Kj-«amHl) to oonatnjotpMSCV-EPORwL 

pMSCV-EPOROCR and pMSCV-RProsxAsi 

P^CV-EPORMpl were constructed as follows. 

The cytoplasmic region of murine G-CSF recent™ rnn^ r™. 

dr receptor (OCR) cDNA was obtained by PCR. 

using PMSCV-AY703FGCRER as a tePn „ lnfo „„ , t 

as a template [11] with the primer pair S'-AAG GAT 
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CCC CCT TGT TC-3'. The cDNA coding to the eyMesnu. region0fh „ o 
W -obtained by PCRu^ pcDK^,^ „ ^ M _ 

OATCCAOOTOOCAOT^CTO «, and S'-CGG TCQ ACT CAA 
GGC TGC TGC CAA TA-3,. „ ^ fc ^ 

tn^arneurbmn. region of the human EPOR oDKA was obtained by PCR using 
PCEP4-EPOR as a template with the primer pair S'-CTC GQC COG CAA COO COC 
AO* GA-3' and 5'-AAG GAT CCC AGC AGC GCG AGC ACG GT-3'. Thefts 

^eox^ toc ^^ M ^ rf ^^ w ^^^^ 

into ths EcoRI-SaH she of pBluescrint (*fim. a*_* 

P ^ §K Sterns, La Jolla, CA) to 

^' ine prmaotex/neo cassette 
CECOR-Saii, in pMS CV was repfcced by ^ ^ 

EPORGCR . KPORMp, cDNA each from pS^po^ „ tmm ^ 

respectively. Tho resultant construct was j„,„.^. 

«matruet was designated an pMSCV-EPORGCR or 

pMSCV-EPORMpl, respectively. 

pM SC v- E PO Rwt . tewnittETO , pMSCV-EPORtJCR-hewnttoBYj, and 
pMSCV.HPORMpi.i,^^ _ CMawted as follows. Hie internal ribosome 
-» site (h,.) Mq ueooe derived from plME-EGPP (Clontecb, P(lI „ Aho. CA) m d the 

m '' OBYIP ° DNA **- *» ™— CC.on.ch, were inaoned into the 
P^-BatnH, ^ an, SpC-Notl siteofpSK. respective Thentsuhnntph^d™ 
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pSK-ires-mitoEYFP. The mitEYFP cDNA encodes the enhanc A „ 

_ , , ^aes the enhanced yellow fluorescent 

^^^■^^^^^ 

pMSCV-EPORMpl to nfcf - 

^ 0btam . PMSCV-EPO R wt-ix es . mito HYPP, 

pMSCV-EPORGCR^-aitoEYPP Md 

, ^ ' ^ PMSCV-EPORMpl-ix^EYFP, 

respectively. The final pWids were certified as coned hv 

w 93 COlTect by sequence analysis. 

Retroviral vectors 
protocol and the supeniatants containing the ecntmni 

48 721, * ^ the ecotropic retroviral vectors were harvested 
48-72 hours after transfection n, 0 *a 

7b obtt. t ec *t° n - *be titers were lx]0 6 /tn] as assessed by RNA dot-blot 
* Wopio retroviral vectors, 203T calk ware rroo^ ^ 

MSCV-based retroviral nl»«m*^ , «™a»cto a with 

«~pia*n.ds along ^ pCL-An^ho (I^ugcne*, Sau Diego CA) 
u^Lipofectamine Plus Onvta,^ and rha ^ 

viirogen) and the supernatant* containing the amphotropic 
retrovual vectors were harvested 48-72 * 

^ tMBsfe ^°n- The titers were 

1x10 /ml as assessed by UNA dot-blot 
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Retroviral transduction and culture 



Ba/F3 cells were suspended in 1 m] retroviral supernatant containing 10 ng/tnl mnX-3 
.•^fti^..^^^^^^^^ 

RettriNectin (Takara Bio, Saiga, Japan) £30]. Tea cells were Incubated at 37^ in a 
Widined eOnospW of « CO2 in air for 24 hours. During this period, culture 
^^^^vMsu^^^^^^ 
^o A VcT^^^^ u ^ mEncaEuTE ^ aMto ^ 

— . ^ according „ n-^-s l.*^ ^ ^ „, ^ 
VFP-posMvu eaU. ^ g^ ^ 9S% . We BMted 3^ ^ ^ ^ 
fefter U*nd cuhure (described ^ „ ooll ^ ^ ^ 

■ "^^^^ccUsfBioWh^^^^^^ 
^^in^p^^^^^^^^^^^ 

cultured for 24 hours at 37°C with S% COsin Iscove's modified Dulbecco's medium 

— . ouman interiouam 6 AjimOTOt0> ^ ^ ^ ^ 

recombinant human stem cell factor GhSCF; Amgen, Thousand Oaks, GA), 100 agtal 

recombinant lumen Flt-3 ligand (ReseaFnh nt™„». ™ , 

"ijana uteseercb Diagnostic Handera, NJ), and 10D ngAnl 

Kirir, T^o. W TneuoUa^^ 
^^^^^ 

mi. iwnug th B traduction period (48 hours), culture 

medium was replaced by fresh viral sinrananm, * .1 

viral supernatant 4 tunes (every 12 hours). After 
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in 1MDM n.dhun staining 10, PBS (Hyclone) and m pani^ atreptolnyoia fa 
the „ of 10 n^EPO in a 37'C 5% C02 ^ ^ ^ 

flow cytometry or colony assay (see below) on the indicated days. 



Cell proliferation 



Bafl?3 proliferation assay was pefxomed using the CeilHer 96 Aqueous Ons Solution 
Cdi ProUftrotion Assay (Promego, Madison, tOTJ according to tho manuficrurer*s 



instructions. 2h 



& MTS 



- •• - "ros-row^ addad^^ of ^^^^ ^ te ^ 

Poito^ fcoubatfou * 3** fas 2 lou* the spsotroptetaneMo 
How cytometry 

Human cord blood CD34+ cells ww*. - „ 

^ cashed and resnspended in CeUWASH (Becron 
IMckinson, San Jose cai Th« 

). 71,0 ^ ™« aen incubated arts, phyctxrryrjrrin 
(H^aosiad an*.*, ^ Tokyo , ^ a 

CN^ PE-isoeied auti-CD41 (Nioitiroi), or seated anu-COiS Onurrunoteor, 
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Marseille, France) at 4°C for 30 minutes. The calls ware washed once and mulcted to a 
(Beoton DicMnaon) ^ ^ ^ ^ _ ^ ^ 

as negative oontrols. 

For »«. Moo4 ^ ^ ^ ^ fa ^ ^ 

" 55mM NH,a - 10mMKHC °'- — ^ o^, ^ „ ^ 

red blood cells. The cells wew> 

^ WadWd 0nCe «* ***** to a FACSCalibur (Becton 



Colony assay and PCR 



incubation for 14 days at 37°r f« * i , 

were scored under an inverted microscope The 

roscope. The expenmenfe, were performed in 

triplicate. 

^^-.^^^^^ 



11 



2003$ 6B27B 20«i24# 



8HIMIZU PATENT OFFICE 



NO. 2041 P. 18/41 



performed to amplify the 351-bp sequence using the EYFP sense primer (5'-CbT CCA 
GGA GCG CAC CAT CTT C-3») and antiaense primer (5'-AGT CCQ CCC TGA OCA 
AAG ACC-3'). To certify me initial D NA amount,, the p^eetia genomic DNA fragment 
was simultaneously amplified using the sense primer (S'-CAT TOT CAT GGA CTC 
TOO CGA CGGO-) and aatisense primer (S'-CAT CTC CTG CTC GAA GTC TAG 
GGC3»). Amplified conditions were 95'C for Iminute. S5»C for 30 seconds, and 
72°C for 30 Beconda with 35 cycles. 

Mouse transplantation 

HiHt-^^ C57B1/6 mice (Charles Hiver Japan, Yokohama Japan) 

injection, W » odb wen, harvested from tfas femom ateashrmvsv. Cdla 
cultured in XMDM (Gibco-BRL) containing 20% FBS (Hyclono) and 20 ngAnl rhIL-6 
and 1 00 ng/ml recombinant tat SCF (provided by Amgen) for 48 hours. The cells were 
then placed in 6-well plates coated with 20 ngW of RctroNectin CTakam Bio) and 
resuspendad m IMDM (Gibco-BRL) supplemented with 10% PBS (Hydone) and the 
aforementioned cytokines at a starting density of 5x10 s ccllaAm. During the 
transduction period (48 hours), culture medium was replaced by fresh viral supernatant 
4 times (every 12 hours). The cells warn harvested after a total of 96 hours (4 days) in 
culture, washed with phosphate-buffered saline (PBS) 3 times, and injected into 
8-week-old female CS7/B16 mice that had been urodiated with 800 cGy. After 
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"—awtajta.-j , *" (tBEPO = 200 ""leg 

*vo,d de v„ lopmeot of mank ^ °-*-T« 

wooa trom the transplanted mice m^j 

« Hie an vem attfae time of blood drawing th* m ^ 

r C3 7/B16 mice and pooled. It «,« w ^ , 

soiution pnor to transfusion, P^„u , 



-Results 



01,0 gene enooding the O-CSF receptor (OCR) end the estroe 

»e ocr was replaced by phenylalanine ^ v 
^rentfation signal fill & ^ y ^ 10 han *« the 

S™ UIJ. In addition, another mutation (Gsom 

e^ogen receptor W, „ ( ^ ^ in the 

PtOT hw *°"e-bmdmg domain to evade the res*™ • 
. , «w me responsiveness to cnoWr™.- 

c^^w.thoutimpairiog^^,^ endogenous 

£12]. Ia this study weconstnJT h ~ *~ 

study we constructed anew geneation SAG in wh** «. 

^' m the erythropoietin 
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6 and the tfaromboporetm (TPO) receptor (c-Mpl) 
gene, respectively, as a growth-signal generator. 



In vitro effects of the EPO-driven SAG 



onBa/E3 



Bidstronie retroviral vectors were generated which ^ ^ m 

craiea wnich express the EPO-driven SAO or 

wfid-type EPOR CEPORwr) gene as the first cistron and the EYP p ^ ^ 

BMffle e «P gene as the second 

-^^--^-^^^^^^^ 

• ^«nre 2A>. All the cells acquired the 

^^^^^^^^^^^^ 

IL-3. Ba/F3 cells expressing eitbsr EPOftwr, EPORGCR, or EPORMpi reached the 

will not induce a significant omi;f««^,. 

""^^ «»I>o=se ef the ^ ^ ^ 

range ofsemmEPOeoneentaifloiis is bdow 0.1 agftnl. 

^ compared the HPO- and steroid-driven sags in terms of ihejr ability to 

expand Ba/F3 cells. The Bn^« „-n 

The Ba*3 cells expressing the SPO-^ven S AOs were cultured in 
the presence of 10 ng/ml EPO and the Ba/F3 cello • 

tne Ba/F3 cells expressing the steroid-driven SAG 
cultured in the t»Bsen«. ~r i/*-7 

° fl ° M [12]. The Ba/P3 cells 

either of the two EPO-driven SAOs proliferated i n th„ 

^ £rated 111 Presence of EPO to the same 
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acteat as the parental Ba/P3 cells in the presence of IL-3. Of note, theEPO^iriven SAG 

00u » t eipart (AGC30niS) afies 2 weeks of eultute (Figure 2B}, indicating that the 
molecular switch usinc the pphd i» 

8 18 1,1016 efflcte " than that tastag fte ^fen 

receptor despite the inclusion of the same aianai „ 

toe same signal generator (GCR.) in the SAGs. Thus 
we used EPO-driven SAG. for subset 

la ^tro effects of the EPO-drf™ SAGs on hmaaa ^ ^ 

lb exainine whether OCR or c-Mpl i s the mmP ,-t.. 

o th 3 more 5mtablB sigDal Qf 

EPO-drxven SAG, human conl blood £Tn*+ » a » 

wood CD34 eelfe Wera ^ ffl QB ^ 

vsox< »s ^*«sh ezsprasE the EPO-dsivea SAG 

as the first essteoa and ths vvnm 

^' T ® of the cells fluoresced fYFP-™™;^ % — _ 

growth advantage on human CD34+~au . . 

^ SiOW ' ta "*«• 3- =>a»uga *e sells 

tnmsdacea wttt, EPORtv. prolate, most 

« Mi arte „ nuMnra inMafloa ^ ^ 
^---^^.ae^hathagan^ ^ 
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over this period. 



CtaracertaMcD of u, B c- Mp . ai(!Ilal of SA(} 

ceJtare. whereas the c-Kif fraction decreased to 103-S or low in the ceDe transduced 

^HdCroe^^^^^^^^^^ 
«.,„, ... , . messed by rndrviduai colony PGR. la oontmffl. 
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«ft EPO «. pfceed „ ^ ^ k fc ^ rf ^ ^ ^ 
end the ^ myeloM ^ My)irold ^ ^ ^ 

would show spooific ^ ^ UqBU ^ ^ ^ ^ 

^ CM4+Cdb ™° — * -hdning BPO ft. 

*" raP,e5SlOB * «&™>«*n tna**, w ^ flow 

^ wttt EPORwt at day M . n^Knu ^ 

J^^p^ta^ ofo^fcuaedue* ^ EPORGCR at day 7 (date not 

-*»>„n Ona^^a.^.^^ ^ ^ 

<ba OCR-cDNA ta attenuate the gtanuloeytio dBWufcnon ^ ^ „ ^ ^ 
ft. ate hand, eea. ^ ^ ^ ^ ^ ^ 

to*.* M: ^ tna^^c (CD 4„ (40%).^^ 

A (58%) and GDIS (11%). Thus, the cells expanded by the c-Mpl signal showed the 

most balanced expression of myeloid, ervtWd 

yexoio, eryttooid, and megakaryocyte makem. We 

therefore decided to utilize EPORMol aa »« s a n <u ^ 

Pl 63 m SAG for Sequent m vivo experiments in 
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In vivo expansion of gene-tnodified cells 

* oau xrr, or expressing YEP aln™ 

toEPn ^ ■ . CeJiB ^d ^crease in response 

result fa the elevation of en* of blood vrfl 

eVBH ° n ° f Oogenous EPO conceptions Bl 32 i w , 
^ -tqnenttd bloods ^ CODfimed 

- - M flfafa no, ^ 
transplanted nrioo a*™ ^ fa - . ftoni ^ 

1 * c 00 ™e other hand a- Aa 
— . W — ^hpo^ yr,^ ^*' r °° f ™ 

P^Pwal blood regardless of PPrt j . . 
t , . . ^ ° fEP0 adnanisfantion (Figure 7B) Jn 

the mice receiving EPQRMdI „ ■ 6 ; ' 111 

^P J * significant increase r M ?«.j ^ 

B k^d ^teat, p<0.05) in 
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- ^ However, ^ seemed transient as a s^ _ _ ^ 

points. 
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Discussion 



have been by to lw effictecy aaM ^ ^ ^ ^ overcome the 

Prototype SAO encodes a Alston protein between the OCR and the estrogen or 
«^ and con^ a ^ ao,^ m 

c* in an esho 8W i. or tamo^-indueible feshlon to vivo [1S>IS] . to thap^eo, ^ 
tans developed a now generation SAO which utilises the EPOR as a molecular switeh 
«— -T* ^reeeptr, looBr^ SAO^ a Alston p^to ^ 
thee S r^ ptettm8 ,^ 

of the OCR or c-Mpl. The results reported here indicated that the SAG utilizing the 
BPOR ss a molecular switoh is more efficient tor hematopoietic eel] proliferation than 

^^^^(-t.no^.eoepte.*^^^^^^ 
generator in the SAGs. 

cyh-dn. rno^om m ^ ^ ^ ^ 

— — ™S~ded a^oKae ^ ^ ^ ittbt fc a ^ 
*a ^amnon hut ande^o a Bgaad-todnced conmronmon chan^o 
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^induced ^ ta4 . SAG. Similar to onr 

— P7JW to ^ ^ ^ ^ ^ ^ ^ ^ ^ 

— ***** a* ^ ^ ^ ^ ^ 

conformation ctago to the same extent as the EPO-drieen SAG. 

^ ^ ** *■ ^ upended eHnm^ ^ 

(CFU) &r move efficiently lhan the EPQR or qcr. signal. lh addition, Ibo cells 

* ». ^ ^ mosl ^ of ^ 

reli.ble expansion immature bemetopoietic ceils. 

W. have demons te EfoRMp, _ 00nfe „ j^.^ ^ 

znodel. „ should be noted thai EPORMpl contains tno ^ ^ „„, w 

EPORMpl In nontax ^ Wa ^ ^ ^ ^ of ^ 

in Are setting of a nonhumnn nrinmi. <__i_ u i 

>=>*■> prunete taoBplenwion protocol. In mien, tie ineteeee of 

^ by other Invest^ H0 . 41J . ^ ^ TOy M[ ^ te ^ setecdon ^ 
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transduced cells at the Hen ~ , 

- HSClevd - The W tenninal revest rrTPi « 

« *™ uu I =P e ai 0-nc) promoter may not 

«*« *» ^ in HSC Alreraenvefy, the e-Mpl signal may not indue* 

^•^^^^^^ 

"^^"^^-^^tftran^^ 
^^^^^^^^^^ 
^ ^ «* — P**Wm may U ^ w _ ^ hmem 
^a* EPO is nraoh safer ttan steroid which la an inducer of the earlier SAGa. 

Polleyteniie fadwcd by EPO can be (reeled by ohfcU*™ , 
„ , """"l "y phlebotomy easily and safely, but ^ 

effect induced by steroid may no, be weli treated or eomroHed. 

™> - =^0^, fce^noe ^ ^ ^ ^ ^ 



in 




-—.an^^.^^^^ 
-^^^^^^^^^^ 

P«<tads- system M^dd be convenient However a sajto cmcm 

... w sare,y <»»«em may be raised 

- V EPO. aimou* p^ca! ievola o f BPO ^ ^ ^ . 

significant proliferative response. Since a S(rt pp 0 ^ 

___ °f EPO-mimctic peptides or a modified 

EPO such as the erythropaiesis stimulating protein nmxn u u 

u^nng protein (NESP) has been developed [42.43] 

* may he posrible to develop an HPO-driven SAG containing a mutant *po» ' 

™ M ™8 * mutant EPOR which 
does not bind to endogenous EPO but hinds to the EPO m m ^ 
Rp _ 1116 EP °- immetl0 Peptides or modified 
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Figure Legends 



RgU " 1 - ^ • °< SAGa. The GCRER ; 3 a rf fc ^ 

^ gone (SAO, chimeric gene encoding the G-CSF receptor (OCR) as a 

" * 11 me G-CSF.^ domrfn^d^ 

^^^^r^pon^toem^O.^,^^ 
<W«» w ta,^ to the OCR 1 moiety to disrupt the mifcean^ ^ 
generated by the OCR, and another point mutation (G523R) was introduced to die 
ER-HBD moiety » evade responsiveness to endogenous estrogen wimout impairing 
"^'.^..-.^..^^^ 
(EPO) receptee ffSPQR) was utilised instead of the estrogen or famosdjen receptor ss a 
molecular switch. To construct i^ the intracellular domain of the evHdeypa BPOR 

(EPORwt) gene was replaced by that of the OCR. or «™». 

001 °» ^ombopoietin receptor (c-Mpl) 

gene as a growth-signal generator. 

The EPO-ditven SAG efficiently stimulates Ba/P3 ceQ gnnrfb. CA) 

BPO-dependen, grow* or Ba^ cetis hy ^oducrion of ma EPO^ven SAC, BaP3 

"""^ ^ ™»" Ceased KPORGCR. (e,o^ w) „ 

BPOBM,, gene (closed circle, each along v*h th, EYPP ^ by 

concenuations. The proUferarion assay (sea Materials artd Methods) rvas iatormed on 
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*plicMe) is ahuwn. to ^ ^ ^ of&Q 

in human plasma. (B) The BPO-drivcn SAO triggers higher levels of cell proliferation 

than the steroid-driven SAO. The parental Ba/F3 cells (open diamond) were cultured In 

the presence of 1L-3 (to ng/ml). Balp3 cells transduced with the EPORwt (closed 
itUngieX EPOHOCR (cW ^uere), „ EPORMpl p. (cIoMd ^ . ^ 
in the presence of EPO flo nsAnl) . Ba/P 3 ^ fc ^ 

(open man*) were cultured in the presence of tsmoxifcn (,0-M). Acctmndariv. ceD 
■utotbereealouleMwiatmeansoflripH^areahomtalogaate. 



b tire moss petes* ampUOx. for hmnu 

^ E "^<^^o r E K ^ s ™ ( nh^^^ atoagwlfll 
ree BWP gene by biciehomc retrevire. vectore. Urmnr^ ecus ere a*o shown 
(open diamond). The cells were then cultured in IMDM supplemented with 105* EBS 
end 10 ngAnl EPO. Virtually all the cells (>95%) became YPPposhrve by week 2 

Accumnta,™ cm nunthere oalcuted who me means of «pu«e are shown in tag 
scale. 



«*« * The EPO^p, ,™ .KrT eaOa mos, etnei^y. Bumen cord 
Mood CD34* wro h^sdnced who me EPOw, (Mack), EPOROCR feuy), or 
BPORMp. gene (whim) hy me same renovire, vecmre m ta ,. ^ 
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cultured in 1MDM supplemented d), ](B4 ™- „j ,„ . . ™ 

n~ a™ wun lOyi FBS and io rgfal EPO. On the indicated 

^"Hqtwb of Me sella were exanrhted fee c-IHtinm^ . - 

~™™«a iot o-mt expression by flow cytometry. The 

percentages of dOt-positlve celb are shown. 



Human cord blood CD34* cells won transduced with tun BPOwt, EPORGCR or 
EPORMpl ^e by the sm „ retrod , cctes ta Figut= 3. ^ ^ 
nnnsdueed cells were then cultured in 2MDM supplemented with 10% pgg 
^BPO fcrrocT*, eansbe^re ****** W.^^^ 
plated in rnetbylcellolosB medium in the presence of BPO alone and the resultant 

«*«.. ^^^a^ed^tto^Mp.^^^,^ 

°' ""* 0taa " i * »*» — Hums, «nd M CD34 , _ 
«-*ced wKh *. bpo^ ep OROCRj „ ^ ^ ^ fc ^ 

vee^ttH^,.^^^^^^^^^^^ ^ 

'-^^^^^^ttee^onof^phnnnA,^^ 
CD.5 (myeloid ^ .md OM. ma**) * ^ ^ 

percentages of marker-positive cells are 

FM!Brc '- ^ "dined henratopoieac mDs „ „. ^ 
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with EPO in vivo in mice. Murine I™ ~„ 

* Munne bone marrow cells were harvested fiom 

S-fluo^recil-rreateu ^ _ ^ ^ rarovirej ^ ^ 

BPORMpI and or expressing alone as a control. The transduced cells were 
into Inadtaed nuce. The petcema^ of m^ ve ^ to fc 

P-ipherel Wood are she™ i, ft. EPO^Mpt group (A) or the "Ypp control group (B) 
fit each group, snice ware divided into two subgroups; BPO-treated subgroup (0=6, 200 
Hl^g, ftrcc urucs a wccfc Cosed bare) sod EPO-uoUeared sub^ ^ ot 6 , ^ 
bars). Tire gray arrows In A and B Indicate the week of EPO administration, Tbe 
inreease in VPP-positive cells in the BPO-treated mice was significant at week 10 (4 
weeks aitar the InMatton of EPO adrafafatetfon) (., pO.05). 
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Ifcble 1. Colony foPmation by Wan cord blood CD34* cells transdnced * e 
EPO-driven SAGs, 



2L-6 QOOqsAzO) 



EPO C20ng/ml} 



TWgene colonies* cotoriesS colonies* 



EPORwt-YFP 


<S2iU 


5/16 


15+3 


15/16 




S4iS 




24fcl 


16/16 
(100%) 


EPOfKMpl-lfFF 


34±9 


4/16 
C2S%) 


31±6 


13/16 
(54%) 



4ftfc4 



53±4 



(S0%) 



ND 



12±1 



17±1 



a/16 

ND 



6 Individual colony DNA ma subjected to 
the ratio of die provirus-posltlve 



eeeats 



± SD of triplicate ouhure. 



colony number is shown. 
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Sterold-drlven SAGs (prototype) 
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ER-HBD 



EPO receptor 
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Figure 1 
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Figure 2 
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Figure 4 
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Figure 5 
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Introduction 



vivo would „ • ™ ,m 8I»'«>lianyaa vauac g^j, 

— cea (HSQ-based Bene transfer ITiia ITT ° fiemto ^ 

*oMem of HSC gene therapy JT ! "* »*« 

s=ob tnerapy; ^neceastyfcrrayeloabtaiimofra-fai^ . 

""■■tag in tapata* P ° B,My 

™ row "oofflOonms Oy implmtb,- cells dta-o. j^.,. 

"■»«»• mmuoodoaoioaj nice .j™ 
^te^Wta,^,,^ ^ «»■ »• iBMT 
Wo W. p™,^, ^ Mle=tiTO 

in a ateroid-depeato, ^ fc ZT- 

(Kittle 2003, Hanazono 2002) »-« » 

W ^ 41618 w « have examined such • ^ 

noxibuaan primate iBMT -without ^h expansion ffi the setting of 
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Results 



F^t, TO b.ve exanunea eagntfmen, of ^.^^ ^ 
Cyaamolgus CW cell, „«„, t^^j ... ,. «■* ■Her 1BMT. 

uaected transduced CD34 T cells dfrertlvWfc 6 

Wavizw la CPU ia wm-imnlmied h™» m * m 108 

t^l^^ ^d fe e ^Mng 1^ ^ ^ M _ 
roam™, t»™ d — . , *w«bw0 to tfeoss ra HnpLaaiasi boas 

time potae. The partpheol Mood oelk ™. 

j- poeou oiooa cells were also examined fet the nrovto. to 

<UK). Talcen towliKt tMaplaIted JLT™ ^^"^ 
do la ^oeoW re oloZ "~" " ^ * ~ " «^ 



' (SOO tc^tha^m^^^ ®*E*Hfted cells, we sdmiojstiaied O-CSF and seen cell factor 
WCt<MOnta, ° mS ^ W « » *• peHphe^l bW (Fig. 2) nc 
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Expansion by SAG 



We constructed a retroviral v*>m«, ^, 

uDvnai vector expressing the SAG- a ehi™^- 
1 »"ttfln erythropoietin (EPO\ ' a chuaei « gene of the 

express the SAG will nroliW^^ genetically engineered to 

proliferate in on EPO-den en ,w 
cvnomoigus CD34* cell* ^ ^ ^ ° flUaner - We transduced 

no^nditioned antotogons recipients hy ^ ^ ^ *" * ** 
awanjarized in Table 1. toijsdnction results are 

- « _ ^crr rjrr* * 

™nonuctearMH s «,ads ltoe ^ ai ** pm > >hml Wo* 

In another animal (Fio 7M *t 
^^^^^^^^ - — 

endogenous EPO elevation, since the animal was ^ZT* Might bo attributable to 

•** » the poriph^, ^ ""^ *» wo weeks. n» nuta,, 

i^avenous adnrintan*.. , ^ ^ *** *• *>° 
■^^•we.hen^sn,^^^ *> - 
once a day ibs 60 days and then twice a day fox iuxtf^^3fT!l at Hie same does 
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receptor moiety included in the SAG (see below). 
Dual marking 

C T * iaaM<M P-H- blood CD*- 

r s r ~ ^ ^ im ° w ° ^ ^ °- «- — — ^ 

^ veotor and the other wfith the control non-exprosaloxi vector (PLI). Both 

, , F ^ mMJ without narrow ooridiaoniaB. Hie 

-M *PO roooo^ ooce . ^ _ ^ „ ^ 

C^coo^^^^^^^^^ 
Weed « roapoaao ro BPo, ahho^ oaOa cordah*,, ^ .^^^ ~ 
~ at fcw ^ CPi, 3.,. Howra; SAG<MaaWng ^ ^ ^ ^ 

, h ' *> -* -W. We. I*. SAO-veco, 

^^o^loro^^,,^^^ ^ ^ 

(BMRPj data not shown). «**uHsy 
raool^T ^' te 5e,Bm °'~" ,n " *— « * - " «— i 

^do^C^^SAOaod^^HPOroc^^J^ 
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SAO (data not shown). The CTL activity to the 

■m-—^*.— _^v^ to the human EPOxeceptor^ 



may also explain why the SAG-tiansduced cells ,i a , _ "-^Ito 
EPO adnumst^ - m ^ ^ ^ CeUS ^ * * — « of 

Mnlfflineage and polyclonal marking 

We sorted granulocytes, T- and lymphocytes from BMR8 (Fie ^ w « 
cytometry and DNA of sorted cell was subtend , } * flow 

•n. . subjected to quantitative PCfc for the 

The provxrus^ntairnng ftaction in granulocytes ^ , 
T1 . o^^uiacyces was 6%, and that in fi «„j 

v^KCR method (Schmidt 20tm :„j) M<u 
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Discussion 



Our results indicate that transplanted «n„ 

recipients. ^en CD34* cells ^ ^ ^ " * * 

34 were genetically engineered to ft t 

could proliferate (by more than 2^ SAG > 1116 CeUs 

' by treatment wife BPO after mur « 

smarted celto. demonsmsed w. vjL, . ^ ^ ^ «° to 
• "•^cf^ucedtoWtvlT; »** "Optative 

-* - ^ <h1 ^rt^T" 1254 500 

^ ***** 

wrrtaLiqjortwJ that mutiites than 0.1% (tfceiij 



49 



2003* 6«78 20W SHIMIZU PATENT OFFICE 



10- 2042 P. 15/38 



J- ™*ed Cur cmrected) «« «!, iherepy 

disease and Gaucher disease (Malech 1S07, Dunbar 1998). Frem these fines of 
observation, racers We ^ ^ ^ ^ ^ ^ 

"^ta^WMeas^toengnd^ 

iBMT rather then the intravenous transplantation (Valuta 2003. Wang 2Q03). Our date 
««»» tin* gen^uuiced ^ _ ^ ^ ^ ^ 

-naWaW monteys ^ ffiMr ^ ^ ^ ^ ^ 

cen, coos no, proHfcratc in ft. ^ to to ^ 

hematopoiesis, addons, han^sls no, hCng «a b tha case ft amurme 

*- nnnsp^ntsnn, ^ „ fc^^ ^ ^ ^ 

Oanslc^uon posuranstaution has also been reported to a human™ Z 
senoWplsnMion model (Kushida 2002, Yah^a 2003, Wang 2003). 

Udbramatefc ™» generated against SAO. espeerauy agnraa, ft, 

human HPO receptor moiety, in ^.-.j-,,,. ..„..„.,„ ■ _ „ 

"™ ""Ma's, resulting in the ftilnie to respond to EPO 
^thaditiWoh.*, ^ aoid sequence of EPO ie quite H* ^' 

mac^ue* * non-myeloabiated animnis. immune responses against nnnsgene p^ 
recognized as ibrcign can indeed he a' major obstacle to long>tenn persistence of 
^e-moduTed cells in vivo (Riddel] 1996). hi human clinical situations, howevec CTLs 
should no, tske piaoe agelns, SAO, since i, is made of allogeneic g„ea. 
Our results suggest that expansion of transduced cells is transient, as is tile case whh 
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drfrcrcnnsM progeny oftian^ HSCa. In order to obtain .HnteOty ttmm 
EPO adrain,^ ^ ^ ^ fc & ^ ^ 

T** ** °**°*>*™ ^yeyttarua i. 4o only aid. 

and sa&ly. Hiecapeutix efiects can also result Son continuously elevated levels as 
e^euous EPO in patien* tW^ fe ^ ^ ^ ^ _ 

™^^do^nous EPO levels return id physiological levels, then the positive selection 

■C B cne therapy ^ w fc ^ 

inc 1 udea 1 navec tot o^^ alhm ^^^ M ^ tM ^ 
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Methods 



Animals 



CoZtn * ^ - -* — of «*. Prim*. 

Coator and the guide principle, fcr mime] «__«„_ 

tflMtehn.iv ■^™^^-^o«.. committee of fcNaioMllaita,, 
orinftcUous Diseases (Tokyo. Japan). 

Collection of cynoniolpis CD34* cells 

red blood cell lysis with ACK buffer fls* mmr nm •-»• . ^ 
EDTA; Wako, Osaka, Japan). ** W 

SSed ^ colony.fijnning progenitor assavs u * 

after enrichment 4S«u«w assays performed before and 



Retroviral transduction 

Wc used SAO retroviral vector containing a chimeric 



gene ofEPOR and c-Mpl 
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(Nassshima in press) m Pu r9mvM naa ^ ^ a DoiM;iiJre£slon ^ 
oyRNAdoiblot. 

CD34*^id»d catt, worn cultured « . amMaxa&a of j_ s x 

oelhvml to 4esh „«„ SWOTMllt rf ru „ r to ^ pKseiB8 Qf scp 
fluombopoietto CIPO) (Kirto, Tolcyo, Japan) and FJt-3 ligand (PL) (RDI, Flanders NJ) 

and cytokines, and to returned «, the same RetoNecun-eeatod dish* Aitar 96-W 
a™8a*«ac*««*d d^ „ fej^ „ f gCPalOTeCEikatobl200J) 



-ft **. hutnen* and fe mOT , a syrtose 50 ^ ef aaUne 

^ u ^ le ^ Bendy fiom one syringe to another through the manow cavity 
<— C*. » T*en ^modified cetts (s>Wd m , of ^ co „ tointa ^ 1()54 
S *un» inj^ toto fe ^ ^ ^ fc ^ ^ ^ ^ 

tile manow cavity (data not shown). All anhnals did not suffer fiom neutropenia, 
ttaombocytopana. Infection, or pulmonary embolism vm>m ^ 

Afler m^ EPO (Ctagali ^ Jspm) wm to ^ 

receiving SAO at a dose of 200 IUAcg once or twice dally subcineneously aa otherwise 



53 



2003* 6S27B 2WK0J SHIMIZU PATENT OFFICE 

WO. 2042 P. 19/38 



^foaled. Qfcloijjoiine A 1J/a3 administrated to lJie animals a week ptior to the EPO 




tor assay 



~* u T PlWd ta " ta 1 ^ of alpha-MEM ccmainia, 1-2H 

Human interleukto-ll (PepxoTech) loo m>/mi ~, ^- 

BSA Sx,o<J, * Swite^r]^, 2054 PCS, 1% ddoabaxl 

EssBsraasnte .won eomW^ ~ microscope. 



QaaamativePCE ~~ 

Genomic DNA was extracted using the QIAamp Blood Kit fQiaBen _ 
Cbatsworth, CA, USA) PGR Bm „u« noTS F (Qta S en > 

_ p amplication and analysis of the PU and SAG penes 

were performed by usino a ouant^,^, , . 66068 
v «»=8 a quantitative real-time PCR assay. DNA «SO 

^^pacete^^^ (5 ,. Tcc 

COO C-3- and 5-GAT AOA AGO CGA TQC OCT CCQ AAT CO-3*) ^ ,T 

rrr " m ^ 001 « « « « ™ ss 

OAC TTO GGG AGO ATT TCA-3-* 

1 *wv-30. Standards consisted of DNA extracted 
producer call lines (which have tun »„h *. . extracted ftom 

, ^^ve two and four copies of the provirus) serially diluted 

" C0D,r01 ^ 0m0,gnS D NA, Negative controls consisted of DNA Lete, 

from peripheral blood nucleated cells a ^ ^ 6Xtcacted 

CeUs * A beTa " acTl n-speciflc primers C5-CCT ATC AGA 
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AAG TOO TOO CTG Q-3', 5-TTO QAC AQC AAG AAA QTQ AQC TT-3) was used 
to certBy equal loading of DNA per reaction. 

Reaction, were nm using to Qiagen SYBR Green PC R Ntata Vfe (Qi.™, 
on die ABI prism 7700 Sequence Detection System (Applied Biosystcms) using the 

Mow^ e^on« 50^ 2 nd, ^ 95-C fa ,5 .oio. ftno^ by « ^ of 
94-C fais™, 62°C to 30 sec. 72°C to 30 sec and 83<C fe 0 . 15 ^ ^ 

quantitative PCR was certified each tine to yield linear amplifications in Hie conge of 
the mteosity of to posWv. eoutml aerie. (0.01-100%. eorrelniien „ „ ^ 

For calculating the transduction efficiencies the Ci value of the vector sequence was 
nmmalieed has* on the C. value of the internal comre! han^otin ..^ on to 
s^ s^l. „ dhec« in 4e nt^nn^-s p^,. Meuhtel ^ 
pereentogeaam adjust totoa M um J *Vmto t top Bl ,betol blood ctdla ctmnun only 
one oopy 0 f the corresponding vector par ceS. 



At day 14, cotoies cmmdreng greater ton 50 oella w=e counted. ^ 
individual colonies were plucked into 30 m of distilled water, digested with 20 uotol 
proteinase K (Takata) at 55^1 for 1 hour followed by 99°C to 10 min, end assessed for 
vector SAG os non-expresang vector PLI sequence by nested PCR. The outer primer 
sets were the same as used in the quantitative PCR described above. Amplification 
coaditions for outer PCR were 95°C for 1 min, 54°C for 1 min, and 72°C for 2 rain with 
20 oyc lcs . The outer PCR produc* W5re ^ ^ ^ ^ ^ ^ ^ 

(Amerebam, Piscataway, NJ, USA). The too. primer set waa S'-CCA CCC CTA OCC 
CTA AAT CTT ATG-3* and 5*-GGT GOT TCA OCA TCC AAX AAO G»3* to SAG 
**** CGC TTO ATC COO CTA CCT 0-3- and o'-OAT ACC OTA 

AAO CAC GAG GAA G-3- for PLI vector Amplification oondition. to inner PCR 
w=e 95°C for 1 min, 54 for , torn, and 72-C to 2 min wito 20 cycles. Sunuhaneous 
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sample an each colony. The primer net Jqj. bgta»actin was the same as used in the 
^tmmve PGR described above. Amplification conditio* fox bcta-aetin PCR were 

9TC for 1 nun. 54'C for 1 min. and 72'C for 2 min ,„ , 

, ana C for 2 min wxth 30 cycles. The sizes of the 

Tie transduction efficiency of CPU was calculated by dividing tbe number of positive 
ooiooies for veofcr «^ hy ^ aumb „ , f ^ ^ fc 

In shu PCR 

SAO sequence as previously reporte&(Xrasse 1990) Peripheral blood cells were span 
« 0,1 pM of ^oprirec, 43 reM ^Ks*^^ ^ 

^rjrr.^^ ^ ^ * **— « 

endS5"C for 1 min wim. 15 cycles. After amplification, cover seals were Hftad off and 

Ihe digoxigenin incorporated-DNA ffeom^Tc «r~~. . 
„ . . ^ A aaements were detected using horseradish 

, peroxidase (HRP^conjugated rabbit Ffab"k anti a;^ - ^ 

6 * la0 ■> anh-digoxigenm antibody (Dako. Glostnm 

Denmark) followed by hiatochemical ateininp b VJ 

, h ^ t . ™cal staimng. Bncfly, sMcs were incubated at 37°C for 

l t ^ soiution diluted 

?BS)» and raised with PBS at room temperature 3 times each for 5 min. Slides were 
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reaction was terminated by transferring slides into a water bath upon development of a 
dadc blue or black color (usually requiring 3-10 min to develop the signal). Fatally, 
sections war© countezstaiued wifli the Kemeohtrot Oat staias nucleotides, washed wMh 
water, mounted in glycerol, and examined under a light microscope. 

Southern blot 

Ten microgram of genomic DMA was digested with ^^n/ (Takaia), which aula 

TJT 2^1°°° ^ — ™» ^ were h^ed to 

Hybond-N4- (Amersham, Cleveland, OH) and hybridized wifli a radiolabeled viral 

^^7°*° ^ ™ ^ ^ u^ knowing primes ihrward 
S -TCT GTA CIA QTT AGC TAA CTA GCT CTG TA-3- and rev., 

5 -aao aoc tto Aire m acc too oto «, A . 3 , ^ 



We used the FSOoSC proa* tforaanI and side scatter! to sort granulocyte 
subsets Ann-CD3 and anli-CD2u waa used to sort the T- and B-lymphoeyte subset] 
^-vely. The cells were sorted using a P ACS ^ ^ . ^ 

ELITE (Beekman Coulter) cell sorter; each equipped with an argon4an lasen Data 



Linear amplification mediated (LAM>PCR 

LAM-PCR was performed as previously described (Schmidt 2003). The 
genonuc-proviral junction sequence was preamplified bv reneaterf • 

, , ^ punea V repeated primer extension 

«*■ •» *oo. of vector-spedflc. r-hMnytaen LTR1 ( 3 , AQC TOT TCC 
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ATC TOT TCT TOO CCC « ISapol^ CJ0: Qbgaq) Acm 100 Ig OT 
-* sample DNA. Aa described aWe. ,00 ce.es .f^U. wwe perfbnaed 

ectensaon products was performed with 200 fig of magnetic beads according to the 
^ io^oe. dW). Tee eemplea wee. iec^d «*. KW 
1»^ (2 u : 1^,. emp 8 aoo ^ p,,^ 

-H. ^ of 20 tiL for 1 hour at 3,=C. ^ J 

«W o. *e metric perddc eoeeeor.tor (Dyrral) ^ ^ ^ 

-ah a^ ,0. pmo, of . doebWm^ fc 
DNA bgase (6 U; New England Biolahs ™ A T 

. , . , ««na jaioiabs, Beverly; MA, USA} were incubated with the 
beads in a volume of 10 uL at te>n m - ^ „ 

of0.1NNaOHfelo ramatIoonite|I ^^^ 

™C2tt '~ tea ^^^^P^ 
LTH2 (5VTCC ATO CCT Tt3C AAA ATO GC-3") and LC2 (5*-QAT CTG A™ 

«, «* CAO-„ a, t^ce, coeolrtoes. o. ^ ^ „ 

on a 2% agarose geL ^ w 

CIl assay 

» —clear (PBMQ eaU. », isoteed ta4tuinl 
« SAO and m VMOtt , Isolator ^ _ ^ 
au^goes eoee ma™ _ ^ ^ 

«- -» «. coo^ 10* PCS ^ * ^^0^ 
usteg « x-ra, source. P^eiy ieototd aureus FBMCa were mixed with toe 
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ror u days and served as effector cells 
The autologous bone marrow stroma cdls ^ n _ . . ' 
^ HPO reaepto,*^ ^ ^ * W ° ^ SAG « 

target cells ^ ^ ^l^oTJl edMteeetCeIb ' ^ 

i«get cells (1x10 s ) were responded in 100 u] of RPMI1640 

■4M**«..tfa^ rfw «vj lll _ ^ of »^<^ cammed and 

aU^wtomss^n^to,,^ , fc "waning 10HKS 

*H 25-1 12 3-1 «<, ^®^ te ^^CB^ airflow,, 

Z3.1. 12.3.1. 6.4:1 and S^a.ThBpta^. . 

*™=a as that corresponding to target cells treated with NP-4n x 
before the final centrifugalitm. The CTL NIM ° (Sjgma > 
om*^ ^ ^ measured ^ triplicate and was 

expressed as percentage lysis using the following formula. 



(cpm of naaxnnum release) - (cpxn of spontaneous ^ase) 



•XlOO 
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TbMe 1- Ex vivo transduction 



Monkey 

no. 



target 
cell 

source 



Vector 



* * ^ * PCR pooitiv 

No. of iafused CPUs 

CD34+ cell 8 /kg (provirus/beta 

-actlni 




PL I, 

non-expression 
vector 



4.33*10* 
3.20X10* 



11/43 (25,6%) 
9/42(21,4%) 



Mgnre 1. The iBMT method 



bo ditto (sehiisnsdc diagram) 



a.BMR4 



b»BMR5 

Kgnrc 3, Succeaa&l 

iBMT. ^ m «»PW»e to EPO after 

B.BMR8 
b.BMR6 
cDual. 



e*P»su» „f SAG-to^duced ceils to repoo*, to EPO 



Meoto 4, High-level, muhjlfoiage, polyclonal matktog with SAG in ihe peripheral 
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a. In situ PCR for the proving 

b. Lineage analysis by semi-quantitative PGR. 
e. Clonal analysis by LAM-PCR 
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Other emhnrfimftr^ 

Prom the foregoing description, one .killed in the art ean easily ascertain 
the essential eharaeteristics of this invention, and ean make various ohanges and 
modifications of the invention ,„ adapt f, to various usages and conditions. Thus, 
other embodiments are also within the claims. 

All publications and paten, applications mentioned fa mis specification are 
herein incorporated by reference to the same exten, as if each independent 
publication or paten, appfication was specifically and individually indicated ,o be 
incorporated by reference. 

I 

What is claimed is: 
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A method for t^spUtttiog ^ MKmtapeitS< , ^ ^ , ^ ^ ^ 
method comprises to step „ ^ ^ ^ , ^ ^ ^ ^ ^ ^ 

■»■>. have .„ exogeno. g.„ e encodhtg a receptor that mducea oe., prohfemthm ta 
response to ligand binding. 



2. The method ofeto 1, wherein the method ,ac ta to step ofmarrow 
before injection of the cells. 



3. Tne method of clatal wherci „ „„ ^ ^ ^ ^ ^ 

cells using a viral vector. 



4. * method of Cairn ,, wherein the receptor . . ctimelio ^ ^ _ 

— eUmar domain ofreoeptor . the, dimerizes me chhnenc protein b msponse m 
..saod binding, end (h) . doiMin „ f ^ 2 ^ ^ ^ 

m response to the dimerization. 



5. The method of claim 1 wW,.;*, «.„ 

atm 1, whemm ^ receptor has a cytoplasmic domain of a 



* The method of claim ,, wlMKin the receptor to a ^ rf , 

P-* CTPO) receptor or a granutocvm coiooy-sthntnanng ^ ^ 



receptor. 
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7. The method of claim 1, wherein the receptor has an extracellular domain of an 
erythropoietin (EPO) receptor. 

8. The method of claim 1, wherein the cell is a pluripotent stem cell. 

9. The method of claim 1, wherein the mammal is a primate. 

10. The method of claim 1, wherein the method comprises the step of administrating a 
ligand of the receptor into the mammal. 



Tta tnefood * cIaim whKeb fc MU a ve ^ r ^ a 

gene. 



12. A bone -™ Mnp[isillg (J) ^ ^ ^ 

exogenotts 8*ne eneodtag , receptor tol faduces „„,, _ ^ ^ 

binding, and (b) a pharmaceuticaHy acceptable canier. 



A kit for banaplannng Ivmphobetnafopoietic ce. Is info a tnannn* wherein fc Mt 
con.pH.ea (a) a vector encoding . recepfor tot ^ .„ _ ^ 

hgand barfing, and (b, a recording ntecinn. uprising a d^cription referring BtMO[ 

^hematopoietic oeua to which the vector ia i«rc<h,ced for foection info a bone 
marrow cavity. 
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